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Change in Center Types and Numbers

Recycling opportunities increased from 2000 until 2012 even with the change in handling
fee payments. We show in this section that this increase comes mostly from processing
fee centers while the number of handling fee centers plateaued following the change in
handling fee structure in 2008 (Figure 14). In Figure 16, we see that this is felt mostly by
the small handling fee centers.

Figure 8 shows that despite the downturn in revenues and concomitant reduction in the
number of centers, the number of centers is still very much in the historical range. The
peak and trends in the number of centers corresponds very well to the average revenue
peaks and trends which is shown in Figure 9 for processing center returns and total
number of recycling opportunities. Table 10 shows that with a one cent increase in
revenue, processing fee centers will increase by 50 centers and handling fee centers will
increase by 72 centers.
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Figure 12: Recycling Opportunities in California
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Figure 16: Percentage of Handling Fee Recycling Centers by Size Relative to all
Recycling Centers in California, 2004 — 2012

The number of handling fee recycling centers decreased over time. The proportion of
medium and large handling fee centers relative to total handling fee centers remained
fairly constant for the 2004-2012 time period. We can conclude that the main force driving
the decrease in handling fee centers comes from a decrease in the number of small
handling fee centers. Source: CalRecycle Data received July 2017

We tested this hypothesis that the reform in 2008 caused the decline in the small handling
fee centers. The test compares the change in small handling fee centers to small
processing fee centers and finds that 111 small centers exited the industry because of
the 2008 reforms. The reform caused handling fee centers to be paid 0.75 cents less, so
a one cent change in the fee results in 148 fewer centers. (The estimate comes from a
difference in difference model and is statistically significant at the 99% level)
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This decline in smaller centers continues to lower the handling fee payment because of
the structure of the two-year cost survey. With each small high-cost handling fee recycling
opportunity that no longer operates, centers will observe a lower handling fee payment
(due to lower average cost of operating centers). Ultimately, this could mean that small
handling fee recycling opportunities will no longer be in available, but, as see in Figure
12: Recycling Opportunities in California, current evidence shows that recycling center
opportunities have not decreased.

In terms of the total cost of operating the recycling system, the demise of centers with a
cost of about 3 cents and rise of lower cost centers makes the system cheaper to operate.
The demise of handling fee centers takes pressure off the Fund as the Fund no longer
has to pay handling fees.

In terms of consumer convenience, 93% of consumers drive. They do not report a change
in convenience even though supermarket sited opportunities have decreased. This is
likely because once in the car, the convenience of a supermarket parking lot is no greater
than that of a free-standing recycling center. There is also the matter of hours open. The
lost handling fee recycling centers did not have hours open that closely matched shopping
hours.

The Effect of CRV, Number of Centers, and Curbside on
Recycling

Increases in the number of recycling centers, the CRV rate, and the availability of curbside
pickup increase the quantity of bottles and cans returned. We use administrative data
from CalRecycle and publicly available demographic data to quantify these effects. We
augment this with additional analysis using the AmeriSpeak survey, looking at consumers’
stated disposal preferences, and using simulations to evaluate changes in the number of
handling fee centers and a 100% change in CRV on recycling. While the administrative
data can provide information about the aggregate effects of various policy modifications
on recycling behavior, the AmeriSpeak data can help us understand the underlying
heterogeneity in recycling behavior among different consumers.

Aggregate Trend Analysis of Centers on Recycled Material

The data are analyzed at the county level by month. A regression model is used to show
the dependence of the shares of recyclable material returned in recycling centers, and
curbside programs as a function of CRV, the number of centers, and the extent of
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curbside pickup. The regression model also includes control variables for the month of
year, county, temperature, and county demographics.

The regression model is limited to time periods in which a substantial quantity of the total
recorded state returns are accounted for in the data of individual center returns.

The key results from this exercise evaluated at June 2015 are:
An increase in CRV of 1 cent would

e Increase aluminum recycling center material by 2%, nearly all of it at the expense
of curbside or importation of out of state and out of program aluminum.

¢ Increase glass recycling center material by 0.69%, of which 65% would come from
trash.

e Increase PET recycling center material by 1.3% of which 80% would come from
trash.

An increase of 100 recycling center material centers would increase recycling only
slightly, most of the increase being reallocation from curbside. The net increase is
estimated at

e Less than 1% for aluminum

e 1.3% for glass

o 4% for PET

Increasing CRV for glass and PET by 3 cents would increase the value of their
unredeemed containers, which accrue to the Fund by

o 52% for glass

e 39% for PET

The remainder of this section explains the data and methods, as well as gives more detail
on the results and how they are calculated.

Data

To construct the share of each material that is collect in recycling centers and in curbside,
three types of data are used: data on the volumes of recyclable materials collected in
recycling centers, data on the volumes of recyclable materials collected by curbside, and
the total sales of covered containers. These are the variables that we explain as a function
of the variables of interest, those variables that are determined within the program, and a
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set of control variables, which give some information on the demographics that lead to
recycling. The data are collected by county and by month. We now describe each of
these types of data.

Shares

To compute the share of a counties returns, in a pathway (recycling centers, curbside)
we find the number of containers returned in a county in a month in a pathway and divide
that by the state-wide sales of containers. The data needed for this calculation are:

1. Handling Fee Center volumes aggregated to the county level and converted to
containers at the CPP rates. Source: CalRecycle.

2. Processing Payment Center volumes aggregated to the county level and
converted to containers at the CPP rates. Source: CalRecycle.

3. Curbside volumes reported as returned to recycling centers is aggregated to
the county level and converted to containers at the CPP rates. Volumes that
are returned to processors are at the state-wide level and have been allocated
to counties based on the reported county curbside share, which are then
converted at the CPP rate. Curbside volume by county is the sum of the
returned to centers and returned to processors. Source: CalRecycle

4. Sales are the total reported sales of eligible beverages in container units.
Source: CalRecycle

The residual share is what is collected in minor programs, what is sent to trash, and the
containers brought into the state without paying into the Fund. There is also some
reallocation from one month’s sales to another month’s returns.

Variables of Interest
These are the variables in the regression that determine recycling shares and are
important in managing the recycling program.

e Real CRV. The CRV in June 2016 dollars. Source: CalRecycle

e Number of recycling centers. The total of the number of handling fee and
processing fee centers certified in the county. The regressions use the
number of recycling centers lagged by one month. Source: CalRecycle

e Number of Curbside programs. The regressions use the number of curbside
programs lagged by one month. Source: CalRecycle
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Control Variables
These variables help determine recycling shares but they are not things that CalRecycle
can change in its management of the recycling program.

e Mean Temperature at Recycling Centers. Source: Prism, University of Oregon

e County Unemployment Rate. Source St. Louis Federal Reserve Bank’s FRED
database

e County Mean Family Income. Source US Dept. of Housing and Urban
Development Data

e County Population. Source RAND Corporation

e County Population Density. Source California State Association of Counties

e Percent of Multi-family housing by Count. Source California Department of Finance
Population and Housing Estimates

The regressions use a differencing technique that removes the effect of calendar month
and of county. This is equivalent to adding a fixed effect for each county and for each
month (e.g. January, February).

The time period for this econometric model was January 2005 to June 2016. However,
there were many months where the data by center was very incomplete and those months
were omitted.

The Method

The recycling shares are explained as a logistic function of the variables of interest and
the control variables. We linearize the logit model by taking the ratio of a share (e.g. for
aluminum, percent of total state sales returned in curbside, in Alameda County in June
2015) to the share not returned anywhere in the state. This transformation of the shares
is due to Steven T. Berry’s 1994 paper entitled Estimating Discrete-Choice Models of
Product Differentiation.'? The ratio of shares is used in a linear regression with the
explanatory variables being those listed above as either variables of interest or control
variables.

12 Steven T. Berry. The RAND Journal of Economics. Vol. 25, No. 2 (Summer, 1994), pp.
242-262
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The regression coefficients tell the effect of a change of one unit in any of the explanatory
variables. For policy purposes, we are interested in the effect of a change of one unit in
an explanatory variable on the share recycled in a pathway. For instance, we want to
know if CRV were increased by one cent how much the share of aluminum returned at
recycling centers would increase. These effects are called the marginals. The marginal
move in the same direction as the coefficients from the regressions and we will first
discuss the coefficients.

The results of this regression for each material are in Table 11. The table has one column
for each material and one set of rows for each explanatory variable. The first coefficient
in the table is in the aluminum column: 2.198. The three stars indicate that it is
significantly different from zero at the 99% level. The number in parenthesis underneath
(0.105) is the standard error of this estimate. The table shows that an increase in CRV
and in the number of centers and programs all increase the recycling of every material.
Except in the case of the number of centers in the aluminum column, every one of these
variables has high statistical significance. Of the control variables, it is interesting that a
county with higher mean family income has higher recycling of all materials except glass.
Counties with large numbers of apartment buildings recycle substantially less plastic.
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Table 11: Regression Output
Sources: CalRecycle Data received July 2017

Dependent Variables
Ratio of Shares
(Al) (€])) (PET) (HDPE)
2.198*** 1.629*** 1.757*** 1.900***
Real CRV in June 2016 Dollars (0.105) (0.105) (0.094) (0.106)
Number of Recycling Centers 0.012 0.060*** 0.071*** 0.049***
(Lagged One Month) (0.010) (0.008) (0.007) (0.010)
Number of Curbside Programs | 0.057* 0.224*** 0.264*** 0.222***
(Lagged One Month) (0.032) (0.026) (0.024) (0.031)
Mean Temperature at Recycling | -0.025 0.013 0.075* -0.008
Centers (0.033) (0.036) (0.035) (0.049)
-0.115*** | -0.120*** -0.096*** -0.261***
County Unemployment Rate (0.033) | (0.039) (0.031) (0.052)
0.546 -1.772 5.827* 13.187***
County Mean Family Income (2.888) (3.135) (3.149) (4.559)
1.553 1.044 7.306™* -1.545
County Population (3.096) | (2.368) (2.198) (2.482)
-12.185 5.375 5.952 7.158
County Population Density (13.634) | (20.07) (25.18) (24.93)
-79.279 13.098 -136.260*** | -137.632**
Percent of Multi-family Housing (54.597) (57.97) (49.88) (63.71)
Observations 10100 10,100 10,100 10,100
R2 0.367 0.277 0.335 0.399
Adjusted R2 0.362 0.272 0.330 0.395
Residual Std. Error (df=10028) 6.855 7.024 6.445 9.303
Note: *p<0.1; **p<0.05; ***p<0.01
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The formula to convert from the coefficients to the marginal effects depends on the current
share of the material that is recycled. We will explain using CRV for aluminum. The
experiment that is of interest is to increase the CRV by one cent. This directly changes
the amount returned at recycling centers. For each county we find the share (of the state-
wide sales) that are returned at recycling centers. Call that share-county. We then
calculate share-county multiplied by (1 — share-county). We do that for every county and
sum up over all counties. The result of this calculation is a number slightly less than the
recycling share of recycling center material. We multiply that number by the coefficients
in Table 11.

For recycling centers, the marginal effects of CRV and number of recycling centers is

Table 12: Marginal Effects of CRV and the Number of Recycling Centers
Sources: CalRecycle Data received July 2017

Aluminum Glass PET HDPE
CRV 2.027 0.6884 1.266 0.8478
LVRC 0.011 0.0255 0.051 0.0219

The marginal effect of CRV is the change in the percent recycled for a 1 cent increase in
the CRV. For concreteness, a 1 cent increase in the CRV would increase the share of
aluminum in recycling center material by 2 percent (e.g. from 90 to 92 percent) while it
would only increase the share of glass recycled in recycling center material by 0.69
percent, less than one percent. These numbers show that the return of aluminum is much
more sensitive to CRV than are the other materials.

While an increase in CRV does increase recycling center material, it does so by taking
from both curbside and from the outside option, other means of disposal, including trash.
For July 2015, recycling centers and curbside take up more than 100% of sales for
aluminum. The logical conclusion is that an increase in CRV would lead to an increase
in out of state imports or redirection from curbside to recycling centers.

For glass curbside is about 15% of sales. For the year 2016 the recycling rate was 72%,
meaning that the outside option was 28%. The econometric model predicts that an
increase in recycling centers will come at the expense of curbside and the outside option
in proportion to their shares. That is that 35% of the increase in recycling centers comes
from decreased curbside while 65% comes from decreasing the outside option. The
outside option is what includes litter and trash. For PET curbside was about 6%. The
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recycling center. There is no premium on handling fee centers. We find that if two
centers are the same distance away, a household would be 24% more likely to choose
the non-handling fee center. Handling fee centers are less likely to pay in cash, have
shorter operating hours, and are limited in capacity and space, which may help explain
the negative coefficient (as shown in Figure 1). We also see that higher educational
attainment reduces the likelihood of using recycling centers as a disposal option. Other
demographic factors, such as income, race, and living in a rural location do not have
significant impacts on disposal choice.

Simulations and Impacts to Consumers

Next, we evaluate the change in consumer choices with respect to a closure of handling
fee centers. We simulate a random closure of 1/3, 2/3 and all of the handling centers in
operation in 2017. On average, the remaining centers will be farther away, but also
more likely to pay in cash or operate at convenient hours. Table 16 shows how the
average distance to a consumer's nearest recycling center changes if no handling fee
centers remain in operation. Also shown are the differences for rural consumers, who
see the greatest increase in distance to a recycling center.

Table 16: Average distance to the nearest recycling center (mi), with and without handling
fee centers
Source: AmeriSpeak Survey conducted June/July 2017 and Google Maps API

All RC Centers | No Handling Fee Centers
All Consumers 2.46 mi 3.98 mi
Rural Consumers | 7.21 mi 16.11 mi

It's important to note that while there is nothing inherently different about rural
consumers' preferences on disposal choices, rural consumers are generally further
away from recycling centers. This means that rural consumers are less likely to use
recycling centers, and an increase in the distance to recycling centers would lead to a
further reduction in recycling center use. As shown in Table 16, if handling centers are
no longer in operation, the distance to recycling centers would disproportionately
increase for rural consumers, limiting their ability to find recycling centers within a
reasonable distance.
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Figure 17 depicts the estimated and simulated choice probabilities under these
scenarios. The top left panel of Figure 17 shows the predicted probabilities of the
choices at baseline, with all existing handling fee centers. In the other extreme, on the
bottom right panel, we see that after the removal of all handling fee centers from the set,
no one takes containers to handling fee centers, and the predicted probabilities for
recycling containers via curbside, trash, or processing fee centers increase. The
magnitude of the change in the predicted probabilities for disposal through curbside and
trash is much smaller than the change in probability of recycling at a processing fee
facility. In addition, the probability of waiting to recycle at a processing fee facility
(therefore going less frequently) increases as the number of handling fee centers
decreases, suggesting that the longer distance to a recycling center reduces the
number of trips a household would take.

Estimated and Simulated Choice Probabilities
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Figure 17: Simulated disposal choices made with all handling fee centers currently in
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operation, and with the random removal of 1/3, 2/3, and all of the handling fee centers
currently in operation.

In addition, we simulate the choices made with an increase in the CRV to ten cents for
all containers. As expected, we find that recycling at recycling centers (both processing
and handling fee centers) increases substantially, and that there is a significant
reduction in curbside recycling and throwing beverage containers in the trash. The
consumers most affected by the policy changes are the consumers who change their
behavior, since a CRV redemption means that a consumer is only getting back what
they paid in the original tax. The people who benefit from the increase in the CRV are
the marginal consumers who were on the fence about going to a recycling center or not
(white, higher income consumers). With an increase in the CRV to ten cents, it is more
likely that going to a recycling center will be worth their time and effort.

As a takeaway, we find that a closure of handling centers across California would not
have a major impact on the welfare of California residents. The handling fee centers
were put in place in order to best serve all of California residents, such that no one was
burdened by the scope of the tax. However, our analysis shows that people who would
have gone to a handling fee center will continue to go to processing fee recycling
centers, just at a lower frequency than they were going previously. This suggests that
current CalRecycle policy may be better for the general public, and that the continual
closure of handling fee centers may not significantly negatively impact recycling
opportunities for consumers.

With respect to an increase in the CRV, we find that in general, the increase would
encourage more recycling at recycling centers. Any positive benefits to consumers from
an increase in the CRV are accrued by the consumers that were on the fence between
recycling their containers using curbside or taking their containers to a recycling center
and would now choose a recycling center. With an increase in the CRV, this would
reduce the number of containers entering the curbside and trash streams, which would
lower the revenue obtained by Cal Recycle for unredeemed containers but would also
lower the environmental costs. If environmental costs were sufficiently high, this policy
change would increase total welfare.

Recommendations
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1. We recommend that the definition of convenient recycling be: recycling at centers that
are nearby, open convenient hours, and have short lines.

2. We do not recommend taking any special action to save the smaller handling fee
centers. These centers do not generally have convenient hours. They have a high
cost to the system to maintain. If a consumer is the same distance away from a
handling fee center and a processing fee center, on average they prefer the
processing fee center. Consumers state that they are willing to travel a little further
than they do today, so the small, if any increase in travel does not argue for saving
them. Only 17% of consumers believe that there is a special value to have them
collocated with supermarkets. Yet rural consumers may find handling fee centers to
be useful, in that an elimination of handling fee centers leads to a disproportionate
increase in the distance to a recycling center, making recycling more difficult.

3. We do recommend considering easing the convenience zone requirement. In practice
this is done through the waiver process. The waiver process, requires any of: “Ease
of access to redemption center by consumers, reasonable distance to next closest
recycling center, consumers in area predominantly use curbside program for
recycling, and recycling centers in the area fail to meet a sufficient volume for
economic viability.” A natural consequence of decreasing scrap values is that the
small centers will be uneconomic. In granting exemptions, CalRecycle should be
mindful of the local, not statewide, patterns of car use. At the current density of
recycling centers, loosing additional centers has very little effect on overall collection.

4. We do not recommend increasing the payment to handling centers, however for each
penny of additional handling fee they are paid, there would be 148 new handling fee
centers. Neither a lump sum bonus nor an extra payment for the first tranche of
containers should be used to prop up these centers.

5. Lowering the cap on material returnable in a day will not make a difference to most
diverters. They deliver well below the cap. Other recyclers, however, deliver more
material per load less frequently and would be affected by a large change in the cap.
Lowering the cap would make recycling less convenient as it would require more trips.

6. Should scrap values continue to trend lower or if the fund should need to correct a
structural deficit, there are two options to raise money for the Fund. Raising the CRV
on glass, PET and HDPE will only modestly increase recycling but will provide more
unredeemed container revenue to the Fund. Raising the CRV on aluminum is
problematic since this material is already returned at a high rate. A higher CRV would
also further incentivize illegally imported aluminum. The other potential source of
funds is to return to the principle that beverage manufacturers are responsible for the
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processing fee. Having beverage manufacturers pay does not incentivize further
returns or illegal importation.

If increased convenience is required, the requirement for open hours for handling fee
centers should be changed to better match shopping hours. This is likely to increase
their collection of material and consumer convenience. However, one must recognize
that a handling fee center could now choose to have more open hours. The fact that
they do not have these extended hours means that they or their host supermarkets do
not consider this desirable or profitable.
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